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RECOMMENDATIONS FALL INTO 3 CATEGORIES. FIRST, THE ROLE
OF TEACHING DEVICES SHOULD BE MAJOR BECAUSE THEIR SUCCESS
COULD RESULT IN ECONOMIC AND MANFOWER ADVANTAGES WHICH
USUALLY HAVE TO AWAIT A NEW GENERATION OF TEACHERS TRAINED IN
A GIVEN DISCIFLINE. LESS THAN FULL USE OF DEVICES COULD LEAD
TO DEFENDENCE ON TRADITIONAL INSTRUCTIONAL TECHNIQUES OFTEN
BASED MORE ON WHIM THAN ON PSYCHOLOGICAL KNOWLEDGE. SECOND,
TEACHING DEVICES FROVIDE EXCELLENT RESEARCH OFFORTUNITIES TO
EXPLORE INNOVATIONS IN TEACHING AND ALLOW COLLABORATION OF

- EDUCATORS AND FSYCHOLOGISTS. THIRD, THE SELECTION OF

APPROFRIATE DEVICES DEPENDS MOST HIGHLY ON THE FROVISION OF
APPROFRIATE PSYCHOLOGICAL FUNCTIONS--ABILITY TO PRESENT
AUDI TORY AND VISUAL STIMULI TO THE STUDENT, FROVISION FOR A
MEANS OF RESFONDING, AND CONFIRMATION OF THE STUDENT'S
RESPONSES. ALSO IMFORTANT ARE FLEXIBILITY IN PRESENTATION OF
LESSON MATERIALS, EASILY AND INEXFENSIVELY PREFARED
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AND TAFE RECORDER, SKINNER'S "GENERAL PURPOSE" TEACHING
MACHINE SYNCHRONIZED WITH 2 ENDLESS LOOF TAFE UNITS, AND A
MODIFIED VERSION OF THE FORTER MACHINE SYNCHRONIZED WITH 2
ENDLESS LOOP TAFE UNITS. (LH)
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I. Introduction

It 18 the intention of this report to makes very specific reccumenda~
tions concerning the use of devices in language instruction. However,
usefulness of the recommendations rests to some extent upon contingencies
not yet established, wsuch as,the time schedule to be followed, amount
of money to be put into development of devices, availebility of personnel
to program teaching materials for the devices. and exact use of the
devicea., Because of this, an attempt is made to present several alter-
native courses of action to fit the eventual decisions that are made.

At the same time, since it is felt that one of the functions of this
report is to influence the decieions which are mede in developing a
language instruction package, no attempt is made to hide the author's
opinions,

II. The Role of Teacking Devices

There are two majox functions of teaching devices in languege learning:
inatruction and ressarch. The two functions are closely related and
feed upon one another, but the type of device chosen and the wey it 1s
ueed mey differ considerably depending upon whether research ox
instruction is the major interest, In addition, there are several
different roles which devices could play in the instructional process.
This also has bearing upon the type of device chosen. These matters
will be dlscussed bef'ore epproaching the more technical part of the
report.,

The first issue is how much of the instructional process should be
undertaken by devices of one sort or another, and how much should be left
to the usual student-teacher interchange. There are at least two frcets
to this question, one involving the technical feasibility of using
devices, the other being a matter of strategy and hoped-fcr vav-off.
Concerning strategy, there is currently a poor supply of toachers of
Russien, and there will continue to be a poor supply, both because of
the difficulties in training good people and because of the small number
of prospective teachers available for training, If it is desired to havwe
as great an impact as possidle upon the schools as quickly as possible,
the larger the proportion of the teaching process undertaken by devices,
the sooner the impact will be folt. In addition, it i1z felt that unless
teaching devices take an importent position in the program the result
will be much like past attempts to influence the course of education ==
vhich have depended upon recruitment appeals and conventional training
techniques, and have regulted :n no greet impact. Put in a different
way, the element of risk in concentrating a large amount of effort upon
the use of devices is greater than if a conventional program is followed,
but the potential pay-off 1s also greater. Although actual, tangible
evidence for the effectivenese of Leaching devices is meagre at this
point, available evidence shows that "teaching machines" as used by
Skinner seem to maks a valuabls contribution to college learning in a
paychology course (1). Similar machines used by Porter show a oonsis-
tent advantage over usual techniques of teaching spelling, both in terms
of the quality of learning and in terms of efficiency (amount of learning
per howr of machine study) (2), To this evidence may be added the gsnorelly
favorable reports of the users of isnguege laboratories (3).
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Ageinst the positive arguments above must be balance seral factors,
The matter of risk has already been mentioned. The second probdlem is
whother it 1s possible to produce or purchase teaching devices which will
meet the specifications necessary for undertaking the entire process
of lenguege instruction. With possible exception of training in the
more sophisticated aspects of pronunciation, provision of suitable
teaching devices is not a problem, and the choice of one tyve of
device over amobhexr rosts primarily upon training as opposed to
research interests of the project. (A more detailed discussion of the
problem of trainigg in the spoken lenguage will appear later in this
report.) The final problem is that of providing an edequate staff of
ccmpetent persons to progieam and prepare the special types of materials
needed for device mediated instruction. Thore are three types of
perscnnol requirsd for this work: a) comtent specialists; b) psychologists
with a Imowledge of instructional materials; end ¢) technical persomnel
and native languege speskers to astually prepare the materials, Content
epecialists and technicel personmnel should be readily available, and the
list of poychologiste who have experience in the programming of teaching
materials continues to grow from year to year. This latter personnel
category would be most difficult to £1ll, however. (See appendix list .
of individuals who have hLad experience in programming teaching materials;
pege 19.) In addition, it ie necessary to provide frcilities of time
and space which will aliow more or less ccntinuous contact between the
peyshological and content personnel over & long enough period to prepere
a syllabus and complete set of instructional exercises.

If the requirements of suitable teaching devices and staff to prepare
teaching materials can be met, as they undoubtedly can, then the greatest
pay-off should come through as complete utilization of the devices as
possible, However, if the teaching devices are looked upon as an . °:
anclllary part of the language package they are in danger of falling
into the psychologically unsound pattern of use which characterizes much
"languege laboratory" teaching (4) and which probably has been responsible
for the haphezard and generally unproductive use of "Stimulus Type" of
teaching devices in the public schools (5). The recommendation of this
report, then, is for as complete a utilization of teaching devices as
possidle; a) because of the potentiel contribution to & more efficient
learning process; b) in order to crack the manpower bottleneck which ie \
currently being attacked in what may be texrmed a "bootstraps" manner,
successof which requires several generations of teachers and students;
and ¢) beceuse of the possibilities of transferring any findings and
methodologies to other training areas,

III. Types of Teaching Devices

Since inception of the United States Patent Office hundreds of
patente have been issued for teaching devices of one sor% or ancther,
Scme have been marketed, but a great majority have never been produced. Of
the devices which have been marketed few have had any significant influe
ence upon instructi--al procedures, This is for many reasons, but one of
the most importent - that the devices have been poorly equippsd to fully
underteke the instr . tional process. Elsewhere it has been poinved out
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that teaching devices may be classified into three major categories:
“Stimulus Devices," “Response Devices,"” end "Stimmlus-Response Devices" (6).
Stimulue Devices are capable of presenting material to students, Response
Devices may allow students to practice certain responses, but Stimulus-
Response Devices are the only type which permit continuel interaction ..
botween a student and the lesson he is studying., Thie interaction, in

the form of questichs and answers or dlalogue, an essential part of the
teaching process, is missing from most of the teaching devices currently
used in education. Motion piectured, slidea, records, and tape recorders,
when used in such & way that giudents are not required to make explicit
responees, are representative Stimulus Devices which do not arrange for
this interaction., A partial explanation for the unessentiel part played

in education by audio-visual aids can probably be attributed to their wide use
as Stimulus Devices. '

In foreign language teaching use has been made of auditory Stimulus
Devices, for the most part. Typically, students are required to listen to
records or tapes until they think they understand them. Sometimes, but
seldom, are students raquired to respond actively to the material pre-
sented, Although relatively inexpensive and relieble equipment is avail-
able which will ellow a student to listen and respond, then chsck up on
his responges, it is not in very wide use and is used in a haphazard
manner,

The most recent interest in "Teaching Machines" stirred up by
B. F. Skloner has led to the design of numerous devices of the Stimulus-
Response type which are capable of being adapted to a wide variety of
instructional tasks, including language teaching, All of these machines
possess three essentiel characteristics: 1) they present a sequence of
problem materials one item at a time; 2) they provide some means by
which & student can indicate or record his response to each item; and 3) they
immediately confirm the correctness cf the student's response. It is
believed that some adeptation of these recent devices would be the most
useful in a language paskage, and the descriptive material to follow will
show the variety of devices possible and available.

Response

Stimulus,Devices are of two major types: recognition and composition.
In recognition devices a student attempts to choose the correct response
from a number of alternative responses, much &8 in multiple choice testing,
but the question and the response alternatives are not designed to test
but to lead the student to the correct response. As soon as the student
hes made his choice, operation of the machine allows him to learn whether
the choice was correct or not. In composition devices a student attempts
to gompose, not recognize, the required response. In the simpler type
of compoaition device a student writes his response, operated the device
in order to expose the correct response, and compares his response with
the correct response. He scores himself "right" or "wrong" and moves
on to the next item. In the more complex but theoretically superior
composition devices a student types his answer on a keyboard, sets knobs,
Or in some mechanical wey inserts his response. The device » Which has the
correot responses pre-coded, matches the student's response with the correct
response and informs the student "right" or "wrong." Many variations on
the basioc design of recognition and composition devices have been constructed,
and the reader interested in more descriptive material should refer to the
bibliography at the close of this paper.
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It is interesting to speculate about the design of "ideal" teaching
devices capable of automatically adjusting themselves to a wide variety
of students mucia a8 would a good teacher. Such devices are not technically
infeasible and some have been constructed for teaching relatively well
defined bodles of knowledge and performance such as Intermational Morse
Cods. However, the cost. size, and complication of such devices takes
them beyond any but research use at the preeent time. (Speculative
articles -on such devices may bve found in Proceedings of The I. Be. E.
for 1957-58.) In addition 1t seems probable that lesson material can
be prepared which i1s suitable for students within a wide range of indivi-
dual differences in skill and background. This obviates, to some degree,
the necessity for complex, self-adapting machines.

From the large number of commercially available audio-visual devices
and the increasing number of new Stimnlus-Response devices we are left
with the problem of selecting, assemdling, or designing a device suitabdble
for forelgn lenguage instruction. Tae practical selection of such a2
device is a complex matter into which meny veriables enter, but at this
point it will be profitable to specify what seem to be ideal characteristics.
‘Cortain of these ideal characteristics will have to be sacrificed to
expediency, but it is a good idea to realize what, exactly, is being
gacrificed.

First of ell, &an ideal language tearhing device should “e capable of
dsaling with two major aspects of language performance, the productive and
the receptive. By productive languege performence is meent the speaking or
writing of a language; by receptive is meant the understanding or trans-
lating of & language both in its spoken and written forms. This is &n
important distinction to meke in terms of a teaching device. If &
device is to be effective in teaching the writing and speaking of a foreign
language it must be able to evaluate the student's responses:in thet
languege, writien or spoken, as wall as being able to present stimuli which
are appropriate to the responses required. This means that the device
must receive or record both the spoken and written output of the student,
evaluate it, and feed this evaluation back to the student so that he can
alter the form or precision of the new responses he is learning, if necessary .
As in the learning of eny new skill, it will generally be neceesary for
certain of the new responses to be repsated several times in attempting %o
reach perfection. An ideal device would allow this repetition, On the
other hand, learning the receptive aspects of a foreign language does not
involve the learning of new responses, but the attaching of old responses
(native language responses) to new gtimuli; for instence, responding "dog"
to the new stimulus "chien." Again, the teaching device must be sble to
evaluate the student's responses, dut these responses all can be made in a
vritten form which is much easier to handle then spoken responses,
Secondly, an ideal teaching device should be capable of presenting a pre-
determined sequence of stimuli +to the student, with the option of breaking
the sequence at certain points for repetition of particular presentations.

To describe all of this in other terms, an ldeal language teaching
device should be capable of Presenting stimuli and evaluating responses in
both visual and auditory form. It should be cepable of presenting a
particular sequence of stimuli, with the option to repeat certain items in
the sequence at discretion of the student. (Of course » such a device should
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be trouble free, inexpensive, small, have high fidelity, be easy to
prepare materials for, be readily evailable, etc.) The closest approach
to these specifications is guirently aveileble through the combination of
cortain available magnetic recording pleyback equipment with the newer-
Skinner type of Stimulus-Response teaching device which is designed to
handle graphicel (printed and written) presentations and responses. In

the section to follow, the many factors, practical, and theoretical, which
g0 into the recommendation of particular devices will be delineated.

IV. The Selection of a Teaching Device

A number of factors which influence the selection of a teaching device
wlll be considered, and e specific recommendation made concerming each.
In some cases there will be an obvious interaction between different
factors, leading to conflicting recommendations. For instance, how
expensive is it to obtain a certain degree of audio fidelity end how
important is this degree of fidelily in teaching accurate pronunciation?
Insofar as possible, recommendations will be made concerning which aspect
of conflict seems most crucial, but final decisions will have to be
determined by contingencies uninown at the writing of this report. The
various factors will be considered in an order which epproximetes their
importence in obtaining the best possible devices.

A. Machine Functions

If teaching devices are to take over a large portion of the language
teaching process then it is crucial that they be capable of presenting
both auditory and written stimuli, es described above Equally crucial
18 the requirement that the devices give a student immediate confirmation
of the correctness of hie responses. This immediate "knowledge of results"
hes proven, repeatedly, to be of prime importance in meny different types
of training programs. It is of essential importence when training people
to make new and different types of respouses, which is the case in the
productive aspects of language iearning. In being able %o provide
imnediate knowledge of results to individual students, a teaching device
has an adventage aver the teacher who must split her time among many.
This 1s one reason for expecting that teaching devices, properly designed
and used, can be more successful in language instruction than any teacher
in a typical classroom. (For further discussion of the yroblem of pro-
viding adequate response confirmation see references (7) and (8).)

1. Audio Functions

Many different media arse available for presenting the audio portion of
a teaching device progrem to the student. Foremost among these are mag-

netic recordings and the phonograph. Each has certain advantages and
disadventeges which will be wéighed.

Fidelity.--Magnetic recordings are generally of a higher fidelity than
phonograph recordings, primarily because the preparation and reproduction
of magnetic recordings does not involve problems of transducer mess,
tracking, and impedance mis-match present in acoustical recordings., In
addition, unless exposed to stray megnetic fields, a magnetic recording

J————n
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can be expected to have a longsr life at original fidelity thah a phono-
graph record subject to stylus weer. BHowever, phonograph records are
capable of more then adequate frequency response and fidelity to meet
any languege teaching requiremsnts..

No general statemeat which will be egreed with by language teachers,
psychologists, and sngineers can be made abvout the minimum fldelity require-

ments £or language recordings. languasge teachore demend very high

fidelity recording reproduction in order to expose subtleties of pronun-
ciation. Aside from the problem of whether these subtleties cen or should
be taught in a one or two year course, it 1s quite obvious from a number
of studies that a frequency response range of 200 to 4000 cps is sufficient
for high intelligibility. From data reported in the Handbook of E_g%r_mgp_a_l_
Paychology, p. 1056, it is apparent that an articulation score of 95% ie
obtainable using a frequency range of 400 to 4000 cps. The spoken material
in this case was nonsense syllables, quite analogous to a foreign language.
If a narrower range frequency response is necessary, lose at the bottom
end of the audio spectrum is preferable to loss at the top end because

90% of the intelligibility is carried by coneonants, which lie primarily
in the frequency range above 1000 cps. In en informal study (carried on
in The Laboratory for Resesrch in fnetruction at Harvard) it hes been
found that the Dedur Grundig Stenorette, with a frequency range from

about 300 to 3500 cps, will give articulation scores of about 90% when

the stimulus materials are difficult to discriminate syllablee such as
spud, stud, jud, slud, shud, thud, and fud. This should be entirely
adeguate for language teaching.

Fase of operation.--It is generally simpler to play a phonograph
record than to thread a tape recorder, and there is no trouble with tapes
breaking or snarling. A record does not have to be rewound after having
been played as does a tape. In mass production it is cheaper to put out
long playing records then tapes, and the cost will go down even further
when presently developed loang-long-play records go on the market.

Despite these apparent advantages of records cver tape there are two nejor
reasons for recommending tape (or scne other megnetic recording medium),
First of all, tapes are technically a much simpler matter to prepare than
phonograph records. Mistakes can be erased and re-recorded on the spot,
Sections of a tepe can be cut and epliced at will, end the end product
will be durable. The preparation of phonograph records, on the other
hend, involves an irreversible cutting process which produces a disk

that has to go through further expensive processing if durable copies are
to bo made. A person of considerable technical skill must attend the
recording equipment 1f a good product is to be obhained. The adventeges of
tepe to a project which will be preparing trial teaching materials is '
obvious. A second advantage of tape lies in the high degree of control
modern tape equipment hrn over the medium. Tapes can be stopped, started, .
reversed, and rewound with great ease. Equipment to do these taske is
inexpensively available. This is not so with phonograph records. In
addition, the disadvantages of having to rewind tape and vorry adout in-
correctly threaded machines can be overcome by using commericaliy availadble
cartridge loops. These loops are self rewinding and as simple to load into
a machine as a phonograph record. Alternatively » magnetis disks or belts
could be adapted to a language teaching machine, but with considerabls
modification of currently available office dictation equipment.
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Handling vocal responses.--For recording a gtudent's vocal responses
maghetic equipment 18 th. obvious choice, both technicelly and eccnomically.
However, there is some question concerning whether an entirely separate
recording-pleyback channel is necessary for the student 's responses or
whether they can be placed on a parallel channel of the .audio presentation
equipment, The latter altornative is more economical but will not allow
flexible juxtapositiun of the student's vocalization with the model

: vocalization, an operation nessssery if immediate confirmation of responses
: 18 to be provided. We currently know so little about effective msens.
of teaching adequate pronunciation that the most flexible possible means

\ of presentation should be adopted, and an entirely separate recording-

playback channel used.
¢

The other alternatives to having a student record and compare his
vocalizetions with the pre-recorded mcdel are only two: having & native
languege teacher available, or having a device capable of recognizing correct

3 speech through mechanicel means. The native language informants are not

3 aveileble, and neither are automatic speech recognition devices. It is

: difficult %o say which will be sooner available, but automatic epeech
recognition, contrary to news publicity, faces many difficult technical
problems. AUDREY, a device developed at Bell Laboratories, which auto-

3 matically recognizes spoken digite is representetive of the state of technical

3 development of such 2avices (9). She has a vocabulary of ten or so words

which are recognized with about 90% accuracy when "tuned" to certain
individuals. When "listening" to other individuals accuracy droys con=-
siderably. Obviously, such devices would be of little use in teaching.

3 The other drawbacks t0 automatic speech recognition, assuming it were

A technically feesible in the near future, are bulk and expense of the

equipment.

] Surmery, --ASsuming that the device should Ye capable of giving spoken
' language instruction without aseistance from a native languege speaker and
without automatic speech recognition apparatus the following components

are required: 1) A pre-recorded audlo channel to present a questionm,
incomplete statement, speech model, etc. in the foreign languege., This ... -«
function can be served by commercially aveilable megnetic tape=loop equip-
ment provided with eppropriate controls. 2) Either a parallel recording=-
Playback channel on the seme tape or (preferadly) a separate, instan-
taneously resetting, recording-playback device. The preferred device

can be adapted from either commercially available equipment or from speclal
telephone equipment., 3) Devices will need to be equirped with simpli=

fied controls for volume and for tape movement.

2. WVisual Funections

respmses to theds materials presents, in some waeys, a more complex
Probiem than the handling of audio materials, Mainly, the prodlem is
slmply thet commercially available equipmeat does not possess the necessary
degree of flexibllity. Hcwever, there is commerclal apparatus adeptadle

at minimm effort, and specially designed teaching machines which can be
used with certaln compromizes may be availlable soon,

Yisual presentation.=--Three methods of presentation will be considered,
each of which has advantages and disadvantages, Moving piotures, according
to extensive research (10), imay have dramatic, highly motivating -

The presentation of visuel language learning materials and recording
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characteristics and are ceapable of close realism, However, & great deal

of the dramatic effect is a result of what is done with the medium, rather
than the medium itself, end unless dramatic end dynamic moticn effects

are needed in lunguage teaching, the technical difficulties of film
production shculd be evoided. Even with the technical simplifications
brought about by video tape, producing moving pictures would be 2 cemplex
business, expensive and time-consuming., If ohe of the aims of language
instruction is ©0 eneble studsnts to interact spohtaneously in the new
language this cean probadbly be effectively accomplished by structuring real,
soclal situations (as at Miadlebury and other colleges),

The two remaining media for controlled presentation of textual and
pictorial materials are by projection of still films (slidee or etrip) and
direct viewing of matter printed on an opaque medium. Here, a choice
depends upon cnnvenience of preparing the materials end availability of
devices for presentaticn., If it is anticipated that a relatively small
numbexr of copies of the teaching materials will te produced, at least in
early stages of the program, then printing is needlessly expensive, and
photographic or other “"emall run" reproduction techniques should be nsed.
If many copies of meterials are required it is suggested that conventional
spirit or mimeograph duplication procedures be used. Avallable teaching
machines and currently planned devices, however, all require the use of
speclal and expensive reproduction techniques in preparing materials which
are printed on paper disks, tapes, or drums, A suitadle device for presen-
tation of easily prepared materials would therefore have to be developed.
(See reference 8 for a simplified veraion of what could be developed.)

Considering the current unavailabdility of teaching machines which can
use easily prepared materials, and assuming that it would not be desirable
to develop a new device, it is suggested thet a modified slide projector
could be used for presentation. Thore are seversl advantages to this
solution. The projector ocan be equipped with a smell opal glass screen
for individual use or the screen could be removed for teaching groups by
projection. Several currently available slide projectors are equipped with
golenoid actuated slide-shifting mechnaisms which allow synchronization
with a spoken presentation, Slides are easily prepared dy typing or
drawing on cellophane which ie then ready for immedimte uge or immediate
reproduction by the eimple and rapid Polaroid slide maker set-up., Slides
are stored in magazines which are easy for a student to load into the
mechine, and the order of preseutation can be chavyed readily -- en opera-
tion impossidble with strip film or sontinuous prinied matter. It is
relatively simple to synchronize a slide projesctor with taped presentation
by means of one of the commercially available low frequency synchronizer
units which operates on an impulse from the recorded material. The dis~
advantages of using a slide projector are that it would have to be modified
and a separate unit added wpon which students could write their responses,
It 1s not known whether this would be as expensive and time consuming as
developing & new teaching machine for the visual instruction or not s dbut
past experience in developing the simplest sorts of teaching devices indi-
cates that a year is needed (under university coaditions) for design,
experimental models, and ironing the faults out of final models,

Hendling written rosponses.--As was the case vwith a student's spoken
reasponses, 1t is necessary to provide some meens by which written vesponses
may be put down for comparison with the correct response. This step, which
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provides immediate confirmation of the correctness of responses, is cruclal.
Current teaching machines ere set up so that a student wrltes his response
elther on the tesching material or on a parallel paper tape. Movement of
_a lever exposes the correct answer and moves the student's answer under
glass 8o that 1t cannot be changed, The student then makes his comparison,
scores himself, and bringe up the next question, Such an arrangement 1s
more economicel if responses are written on the parallel tape and do not .
use up the teaching materials, but such an arrangement requires more compilex
mechanisms. Tor research purposes it is easier to analyze the student
responses if they are directly on the teaching meterials, but relatively
simple techniques can be devised to obtein the same date from parallel
tapos. If the language programs developed are to be tried out in any
extensive manner it would be prefersble to use parallel response tapes
and provide special instrumentation for gathering and analyzing the student
responses.

If one of the current teaching machines ie used in the project, a most
likely progpect would be the "general purpose” disk machine used by
Skinner., This device has the parsllel tape responese syetem, Another alter-
native would be to make a modified version of the Porter device (1l) which
would have the advantage of easily prepared materials. A final solution
lies in the providing of a written response tape which could be synohronized
with the slide proJector Jresentation, weing the same .eans of synchronie-
zation as between slide and tape. This solution, however, would require
the design and construction or purchase of the response unit.

Summary, --Assuming that the device should be capable of giving visual
presentations in sequence., providing means by which & student can record
his written responses and odbtain irmediate response confirmation, the
following alternatives are available. 1) Visual presentetion by slide
projector or opaque presentation device. This function could be served
by a modification of comnmercially available ellde projectors,
by one of the current teaching machines or a modification of one, or by
an extensive modification of the Porter teaching machine. 2) Recording of
atudent written responses could be handled by current teachin, machines or
a specially devised paper tape mechanism to operate in parallel with a
slide projector. 3) If a parsllel tape system is used some means should
be provided to enable convenlent analysis of student responses to the
teaching materials. '

3. Combined Munctions

Although the above visual and esuditory functions have been discussed
separately, they should be combined into a suitable teaching device. It
would be feasible, and perhaps more economical, to provide separate
devices for the visual avditory modes of teaching but only with the loss of
effectively oombining instructional methods. Very little i1s Xnown about
such matters, psychologically or pedagogically, but it is poesible that
effective uea of combined visual and auditory stimuli would result in more
than commonly expected learning. Separate devices “would also require that
students synchronize them when necessary, a procedure which could easily
lead to errors and possible cheating. Therefore, it is strongly recommended

thet any teaching devices provided be equipped, in one unit, for the entire
inetructional process.
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In the following "block diagram” the essential units of such a
teaching device are represented along with their interconnections and
relationships to the student., The physical layout is roughly that which
would be suitable, but the diegram is meant to be entirely schenatic,
rot pictorial, Lines drawn between the various components represent elec-
trical and/or mechanical conhections necessery for synchronization and

student control of the device functions. Depending upon what components
are finally chosen, the unita reprasented below are the following:

a) units 1, 3, end 5 -- Skinner's "general purpose machine or modified
version of Porter device; or

b) unite 1 and 3 -~ modified automatic slide projector in conjunction with
unit 5 -~ specially designed written response unit and
unit 7 -+ specially designed controls.

c) units 2, 4, and 6 -- dual chatnel cartridge-loading endless loop-tape
) recorder playback unit; or

d) units 2 and 4 =~ dual channel cartridge-loading endless loop=-tape
pleyback unit in conjunction with unit 6 -- special
recording-playback unit with rapid reset feature.

Final selection of component uvnits depend upon further considerations
to be presented below,

Visual Components Auditory Components
L J —pe PR e S T
i 3 2 1
presentation |confirmation presentation | confirmation
T L
2 é
written apoken
1 rogponses responses
controls ' QX . T
_ microphone \ ' /’ /
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B, The Concepts of Programming and Editing

. Programming, -~The term programming in the sense it will be used here
roefers to the proceass of constructing sequences of inatiructionsl materieal,
most usually conventional textual materiml. Instructional nmaterials, of
course, are & cruciel aspect of any teaching, whether the material is
pregonted by a tosagher or o teaching device, so that the uliimete success
of any venture such as a self-contained lenguage instruction unit depends
upon the adequacy of these materiala. Currently, very little is lknown
about techniquee of programming. The usual methods involve artful manie
pulations by good teacher-writers who are dissatisfied with availsbhle
texts, but very little can be said about thelr methods, in general; the
manipulations they perform are of a sublle, subjective, and non-verbalized
nature.,

On the other hand, there are a number of more or less generalizable
principles of programming which are derived from reinforcement theory along
with others developsd in attempts to write successful teaching programs
for teaching machines. The reader should refer to articles by Skinner (1)
and Gilbert (11) for extended descriptions of specific progremming teche
niques and examples of sequences of teaching items, However, an outline
of thése principles will be presented below,

There are two basic principles which have served to guide all other
operations in preparing teaching materials: 1) Immediete kmowledge of
results (confirmation or reinforcement) is highly motivating and essential
for efficient learning; 2) In the teaching of any complex behaevior such
as speaking a foreign language it is not possible to wait for the correct
behavior to appear so that it cen be reinforced, because the behavior will
never appear. It is necessary rather to lead the student gradually to meke
a final, complex performance by "sheping" successive approximations to
the final act, For instance, reading a pege of German text involves many
sublle acts which combine into a total response that it would be impossidle
for a beginning student to make, no matter how hard he trie¢ or how long
the teacher waited, and conversely, it would provably be psychologicelly
impossible to teach the student to translate the page by one or two simple
acts of instruction. What 1s required 1s a sequence of responses by the
student involving components of the final task, each response involving a
roinforcement in the form of knowledge of resulte about how suzceseful the
response has been. In practice this has meant the following operations
have had to be cerrled out on the teaching materials.

1) The subject matter to be taught 1s broken down into a large number of
steps, each requiring the student to make an explicit response and
recelve an explicit reinforcement in the form of knowledge of results,
The large mumber of steps are a result of attempting to teach as many
of the subtleties of the subject mattor as poesible, and are necessary
in order to keep the poesibility of meking a wrong responss at a
minimm. There should be & concern over wrong respo:ises for two
reasons: lack of success as a student has a detrimental motivational
effoct, and wrong responses which are made through ignorance or by
chance are diffiocult to get rid of. They are likely to appear again
even after the correct behavior has been learncd, In other worda, the .
Preparation of teaching machine material is not analogous to the

Preparation of testing material in which socme items ere deliberately
chosen for their difficulty.
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2) On the other hand, the object in prepearing teaching mechine progrems is
not to selsot items which the subject already knows, but to prepare
items which give mew informetion which when added to the student's
previously acquired inowledge will enable him to produce responses he
could not have given before.

Tn the sarlisr portions of & teaching progrem the student i deliberately
enabled to give the correct response becauvss of the presence in the

item of & hint or prompt. The prompt may e something entirely irre-«
lovent to the subject matter being teught, as printing all odd numbers
in red, all evens in green, and writing the item in red if the correct
response is an odd number, (This type of technique is used frequently
by soms elementary school teachers.) If this sort of "irrelevant
prompt" 1s used to obtain a correct initial response, then the pro-
grammer has to shift control of the student's behavior to a more
relevant nortion of the environment once the correct response has

been made available., A technique of prompting which is preferabdle would
e to use naturally ocourring, relevant prompts, such es teaching

thet a more technical term for the word "reward" is ,

2 term which meens o gtrengthen (correct response is reinforce).

(VL)
~

4) Items further along in the teaching program are provided with less
information and promptes so0 that the student is more on his own, This
has been done by a number of "fading" and "vanishing" techniques in
which words are partially deleted, formal syatactical cues are
removed, and minimal support is proviled by imnediate memory of pre-
ceding welated items in the teaching sequence.

5) Responses taught earlier in the teaching sequence are salted into
later portions of the program, systematically, in order to augment the
meaningful context of the relevant knowledge taught and in oxrder to -
provide review,

It 18 not suggested that the above procedures are any final vord in
programming instructionsl materials or that they are even sufficient for
writing a self-instruction language course, for knowledge of programuing
is meagre at this time. However, it is felt that some set of prirnciples
such as above, used in conjunction with the intuitions of good language
teachers and the knowledge of language experts should produce superior
teaching materials. It should be emphasized that the use of mechanical
teaching devices will make possibie the sxploitation of instructional
techniques seldom or never attcmpted before. Scme of these techniques may
oppose current opinisns and practices of the language teaching profession.
It would bs disheartening to not attempt these techniques, which have gound
peychological rationales, simply through failure to provide personnel with
appropriate psychological training.

Editing.--Closely reluted to the tentative nature of our knowledge
of programming teeching materials is the concept of editing as a research
and experimental activity. Traditionally, editing has been a task reserved
for publishers who hire indiviiuals skilled in the intricacies of English
style and grammer, The activities these individuals engage in has little
©o do with the content or arrangement of content in the texts being edited,
this matter having been taken care of, presumably, through the hiring of
an author who is en authority in his field, and who may aleo. gsometimes,
be an cutstanding teacher and writer. Programming of the textual material
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is left entirely up to the lmowledge, skills, whims, and biases of the
author, and any validity the materials have depends upon the soundness of
the author's judgment about how much the textual materials contribute to
his teaching, a matter usually confounded by other instruction the atudents
receive in the form of lectures, discussiong, and outside readings., The
use of teaching machines in an entirely, or mostly, self-instructional set
of lesson materials should allow the authors or publishers of the materials
to overcome thu above editing difficulties, however. Student responses to
the teaching eequences can be analyzed and the materials modified and
tried out again as many tines as necessary to perfect the lessons. In
fact, it would seom mandatory to utilize this research function made
possible by teaching devices; %o not do 8o wculd be to pass up one of the
greatest long term advantages of such teaching techniaues, the possibility
of gradual cumlative revision and perfection of lessons based upon factual
findings rather then educated guesses. Such research techniques have

paid off handsomely in other areas of technological advance and can be
expected to do the seme in education,

If 1t is enticipated that such research-editing activities will be
undertaken in the current project then it is mandatory for the teaching
devices used, or at least some of them, to be equipped to Pacilitate the
research, Such facilitation requires the following features.

1) Teaching devices which will accept easily prepared and modified
sequences of visual and auditory material. Magnetic recordings are
eminently esuitablie for the auditory presentations, and a modification of
the Porter device would provide the most feasible viaual materials
because of the uee of standard paper sizes and duplication processes.

2) Techniques for the easy analysis of student spoken and written responses.
The analysis of spoken responses in the form of racordings is an
3 arduous and time-cousuming task., One feasible manner of gpeeding up
; such work is to provids some sort of recorded signal on the tape at
-‘ the point where error responses lie (such signais could be automati-
cally placed on the record every time a student indicates himself as
‘ having made an incorrect response). Then for enalysis the tape could
3 be sent through e playback dovice at high speed until one of the
3 signals shifts the machine to an appropriate playback speed, This could
be a modificetion of a normal tape machine., The enalysis of written
responses presents something of thLe game problom, but not to such a
8cvere sxient because of the speed of humsn visuwal scanning compared to
listening. Basically, there are two techniques which can e followed.
The first involves having the students write responses diractly upon
the teaching materials and scoring themselves "correct” or "incorrect"
by an appropriate mark. Analysis of these responses would proceed by
visval inspection, end for 100 or so students would not be too
cumbersome & schems. A more automsted procedure would be for the
responses to be placed upon a separate parallel paper tape., As a
student scores himself a hole could de automatically punched in the
tape next to each wrong response. Then the tape could bo sent through
& special sensing device which would gtop at each punch mark to enable
examination of the wrong response, This scheme would, of course, be
more expensive and probably is unnecessery unless a very large number

of student responses ie to be analyzed (upon the order of several
hundreds of students),

W A
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4) The %eeching devices should be flexible enough to allow investigating all
possible combinations of visual and auditory presentation, response, and
confirmation within the limits of tape recoxdings and still pictures.

70 provide insufficient vresearch flexidbility would be to invite perpetu-
ation of time-honored techniques cf teaching which there is some hope

of improving.

C. The Fossibility of Using Complex Electronic Equipment

There ars two ways in which complex electronic equipment could
materially aid the language tsaching proceas: <through the provision of
devices which would adjust themselves to individual differences in
students; and by means of special techniques to gid in the teaching of
foreign speech, Both would be expensive, cumbersome, and require leng
Periods of development time in order to be made satisfactorily operational,
A safe rule of thumb estimate to follow is that cost, operational diffi-
culties, and development time increase geometrically with complexity of
equipment, For this reason it is recommended that unless the language
project is willing to devote a number of years to equipment development,
teaching devices be kept as simple as consistent with obtaining adequate

Presentation and confirmation of the lesson materials,

If long Lerm developmont of special devices is anticipated there are
several technigues which should be considered. In the matter of adjusting
to individual differences in students there are several procedurss which
can be followed. Teaching materials can be "skip progremmed.” If the
entire lesson involves 2000 items for the student to respond to, the initial
stages of the program can require the student to respond to only every
fourth item, When few student errors are made an individual can proceed
throughout the entire lesson in the same fashion, but whenever a signifi-
cant nuber of errors are made the device ewtomaticelly shifts to prosenting
every second item. In this manner, the better students could go throigh the
material more rapidly than the students with poorer background or ability.
Another self-adjusting procedure would be to have the students do all items
in a lesson, but have the teaching device back-track and g0 over the same
material again if errors become frequent, A preferable technigue wonld
be to have the machine back-track to a new and different » perhape longer
and easier, sequence of items covering the same uaterial, All of these
teciiniques considerably complicate a teaching device, and probably can
be handled alternatively by careful programming of ore sot of materials
or by close rdministrative supervision of use of the teaching devices.

Giving alequate speech instruction and practice in a forsigrn language
is a more complicated problem, especially the training of "native" pronune
ciation., The student is usually encumbersd by his own native langiage, which
hes sounds subtlely different from thcee of the now language and is entirely
vacant of other sounds prominent in a new lenguage. The problem is usually
complicated further by orthographic diffevences sud irregularities. Often
it 1s difficult for a student £o even discrimiznate important differences in
foreign speech because such phonetic distinstions are not made in his native
language, In @ practical teaching sitwation such yroblems are handled by
netive speaking instructors who have %o work almost individuaelly with
students in order to catch and remsdy the speeking flaws as they occur,

The use of teaching devices may make it econonically possible for each
student to have an individusl "tutor" to handle this aspect of language
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learning. However, eince such devices will depend upon & etudqnt‘s recog-
nizing how good his own pronunciation is when compared with a gtandard, the
procedure is open to errors caused by student misperception of the forelgn
spesch. One obviocus solution tc this problem is to provide devices
capable of recognizing correct speech and informing the student whether
his pronunciation is up to par. As was pointed out earlier in this paper,
such speech recognition devices are not available at thig timo.-ai..nd. glthougl}
they may becwvme availeble ':ithin the next tom years, TOBT, complication, and
“"- inconvenience would precirie all but fizxed and central locetion use in tegggr
Other possible instrumentation in spoken languege instruction involves
special forms of vieual and auditory display of the detalils of pronuncia-
tion. For instance, it is conceivable that a cathode ray tube display of
the time, frequency, and intensity characteristics of a student's speech
could be compared by the student with a simultensously available visual
model of correct pronunciation. Again, such instrumentation would be
complex, especially if the device is to make possible an almost instan-
taneous comperison of the dynamic features of speech, as 1t must in order
to be of much use in reinforcing correct vocalizations., It 1s also
questionable waether students would be capable of reading the complex
visual display =-- language experts have difficulty in reading the static
displays provided by a "sound spevtrograph’ in en already knom languege.
Perheps @& more fruitful type of instrumentation could be provided by pre-
senting end haviug students attempt to copy speech models nodified in
temporal end frequency characterietics. For instance, the correct pio-
nunciastion of certain sounds or words might be simplified by having the
auditory model presented at a slower yace, allowing more time to listen
to ipaner structure of the vocalization. Or filters could be inserted into
tbs epeech circuite in order to remove certain components of the total
vocalization which tend to mask smaller but importent deteils of pronun-
cistion, ILittle is known about the sffect of these auditory manipulatione
of language learning materials so that a good deal of experimentation using
relatively complex equipment would be necessary in crder to obtain workable
teaching procedures, This type of manipulation of learning materiels,
hovever, lies close to the concept of "shaping” behavior mentioned earlier,
One flaw of much spoken lenguage instruction has been that the teacher
expects his students to attempt the final, complete and correct pronun~
clation at the start, despite interference from form:r languege habits
and the complexity of the muscular movements involved in pronouncing new
sound combinations. This procedure is almost &s psyckologicelly unsound
as requiring a student to trenslate a page of foreign text de novo.
Vhat should be attempted instead, is to lead the student through a series of
different pronunciations which approximate the final obJjective. This
proceas should take into acocount the particular ways in which the etudent's
native language interferes with the new language end the sequence of steps
should attempt to forestall the usual mispronunciations which students
make. The above mentioned techniques for maniputating auditory materials
could form an integral part of this type of teaching process, and it is felt
that this approach, rather than attempts to use automatic speech recognition
will produce greater pay-off,
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Y Summary and Recommendations

The reccmmendations to be made fall into three major categories: the
role of teaching devices in the development and use of a self-instructional
language package; the problem of programming lesson materials; and the
selection of appropriate devices.

The role of teachirg devices.--It has been suggested that the role of
teaching devices te major because of the potential pay-off through appli-
cation of technology to the educational process. A successful technology
of teaching devices could result in economic and menpower advantages which
usually have to await the rise of a new generation of teachers trained in
the desired discipline, in this case, the Russlian Languege. It is also
felt that less than full utilization of devices could lead to dependence
upon traditional imstructional techniques often based more upon personal
vhim and prejudice then peychological knowiedge. Despite the great
potential contribution of teaching devices to language instruction, it
should be warned that they are no "pie-in-the-sky” to cure the 1lls of
traditional education. We are only in the initial stages of developing a
technology of instruction, and much experimentation remains to be done.

Programming lesson materials.--With teaching devices as in any type of
teaching, the selection, orgenization, and presentation of educa“ional
content is a major problem. This is an area in which little systematic
research has oveen done, primarily because teachers responsidble for academic
content have had neither the motivation nor the skills necessary for the
task and psychologists have been more interested in exploring tasic
bekavioral processes than in applying their Xnowledge to practical problems
of teaching. The teaching device provides a research instrument par
excellence vwhich makes feasible the exploration of innovations in teaching
and provides a focal point for collaborative work between academic conteut
specialiets, teachers, end psychologiste. This collaboration is long
overdue, end the fruits of such an interdisciplinary endeavor could be
useful to education as a whole,

The selection of approprimte devices.--The selection of teaching
devices for the language project rests upon & compiex of interacting
factors, and the importance of particular factors depends upon exactly
what purposes the project turns out to involve. Most important is the
provision of appropriate psychological functions: ability to present
euditory and visual materials to the situdent; providing the etudent a
means of responding; and confirming the student's responses. Next in
importance is sufficient flexibility to allow all possible combinations of
presentation and confirmation of lesson matexrlals. Directly reliated ’
insofar as editing as a reaearch function is important, is the necessity of
providing for easily and inexpensively prepared materials to be used in the
teaching devices. Finally, there are considerations of simplicity, relia-
bility, economy, and time. The following specific devices each have
certain advantages and disadvantages which will be mentioned along with
the specifications listed.

l. Special combination slide projector and tape recorder produced by the
Amplifier Corporation of America for the Navy Special Devices Center.
Slides and sound are eynchronized. Visual confirmation would have to
be placed upon next slide in the projection sequence. Student's written
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responses would have to be placed upon a separate sheet of paper (could
be unsatisfactory depsnding upon the nature of the teaching msterisl)
or upon a specially constructed written response unit. The best cho'ze
for relatively inexpensive and readily available equipment, Materials
relatively easy to prepare.

2. Skinner's "general purpose’ teaching machine synchronized with two
"Mohawk Message Repeater' endless loop tape units, Cost end delivery
uncertain on the Skinner machine., Visual materials relatively difficult
to prepare and edit. Good means of providing for student response
confirmation. Most fool-proof and cheat-proof visual presentation
mechanism. If provided with a modified version of Western Electric
"Answer Only Sat (12)," would give the most £lexidility in presentation
and confirmation of all devices. This would be excellent for research
if it were not for difficulties in preparing visual materials,

3. Modified version of Porter machine synchronized with two "Mohawk Message
Repeater" units., Student's written responses taken care of by device
elther on tapes or original teaching materials, Modified Porter machine
relatively inexpensive (the simplest of all the devizes) but would

} require the engineering necessary for modification., Tesching maveriasle

very easy to prepare by standard duplication processes. Excellent for
research except that "repsat” feature of Skinner machine is not
available, '

For research purposes, the auditory sections of any of the above devices
could be equipped with various instruments designed to manipulate the
time and frequency variables of the presentation for research or teaching
purposes.

In the final amlysis, if the projact is to undertake a many-pronged
and long term attack upon language learning it would be apprc- 'iate to

consider designing an original device or perhaps acquiring s..eral different
devices for different aspects of the project.
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APPENDIX

Individuals with experience in programming teaching machine materials.

Lloyd E, Homme

Robert Glaser
Psychology Department
University of Pittsburgh

Susan R, Meyer

James G, Holland

VWells Hively, II

Matthew Israel

Thomas F. Gilbert
Psychology Department
Harvard University

Donald E, P. Smith
University of Michigan
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